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An experimental investigation of the blade-vortex interaction impulsive 
noise characteristics of an advanced main rotor system for the UH-l helicopter 
has been conducted. Models of both the advanced main rotor system and the 
standard or "basel i ne" UH-l mai n rotor system were tested at one-quarter seal e 
in the Langley 4- by 7-Meter (V/STOL) Tunnel using the General Rotor Model 
System (GRMS). Tests were conducted over a range of descent angles which 
bracketed the blade-vortex interaction phenomenon for a range of simulated 
forward speeds. The tunnel was operated in the open-throat configuration with 
acoustic treatment to improve the semi-anechoic characteristics of the test 
chamber. This investigation provided detailed acoustical data for these two 
rotor systems operating at similar flight conditions. These data are pre-




Helicopter rotor noise is typically separated into categories, such as 
rotational noise, broadband turbulence interaction noise, and impulsive 
noise. When present, impulsive noise is usually the most objectionable for 
the community (refs. 1, 2, & 3) and represents a significant problem for 
reducing ground detectability of military helicopters. Impulsive noise can 
occur during high-speed flight as a result of the relatively high advancing 
blade tip Mach numbers or during partial power descents as a result of the 
interaction of a blade with a vortex generated by a prior blade passage. 
Advanced composite technology has permitted application of planform 
variation, high twist, and advanced airfoils on existing and new rotor systems 
(refs. 4 & 5). Such a rotor has been proposed for the UH-l to take advantage 
of the new freedom in blade design primarily to improve the aerodynamic 
performance of the UH-l 1n hover and forward flight. The design methodology 
indicated a substantial aerodynamic performance benefit was possible. An 
aerodynamic performance analysis of the results of a model rotor test (ref. 6) 
verified that the advanced rotor system (ARS) provided an improvement in rotor 
system efficiency of 10 percent in hover and as much as a 17 percent reduction 
in required torque in forward flight when compared with the "baseline" or 
standard rotor system (SRS). Acoustic analysis of the in-plane high-speed 
impulsive noise (ref. 7) demonstrated that a 7 to 8 dB reduction in noise 
generation is available by using the ARS on the UH-l helicopter. The data 
presented herein were collected to evaluate the effect of the advanced rotor 
design on the blade-vortex interaction (BVI) impulsive noise. 
SYMBOLS AND ABBREVIATIONS 
Symbol s 
AJ. first harmonic of lateral cyclic blade pitch, deg 
ao rotor coning angle, fixed at 2.750 
aJ.s first harmonic of longitudinal flapping, deg 
81 first harmonic of longitudinal cyclic blade pitch, deg 
b1S first harmonic of lateral flapping, deg 
CQ rotor torque coefficient. ROTOR TORQUE 
p1fR3 (OR)2 












standard rotor system blade chord. 0.1334 m 
rotor drag. Newtons 
rotor 1 i ft. Newtons 
rotor radius, 1.829 m 
rotor blade-tip speed, knots 
free-stream velocity, knots 
coordinates for microphone locations in tunnel, m 
angle of attack of rotor shaft, deg 
rotor tip-path-plane angle of attack, referenced to tunnel 
geometric centerline, deg 
rotor descent angle, tan-I (OIL) 
rotor collective control angle, deg 
advance ratio, Voo/VT 
local free-stream density, kg/m3 
rotor angular rotational velocity, rad/sec 
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Abbreviations 
ARS advanced rotor system 
BVI blade-vortex interaction 
GRMS general rotor model system 
rpm revolutions per minute 
SP sound pressure, dynes/cm2 
SPL sound pressure level, dB (re. 0.0002 dynes/cm2 ) 
SRS standard rotor system 
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HELICOPTER MODEL AND TEST FACILITY 
Helicopter Model 
The General Rotor Model System (GRMS) mounted in the 4- by 7-Meter 
(V/STOL) Tunnel was used for this investigation (ref. 8). The fuselage was a 
one-quarter scale model of the UH-l helicopter mounted to the GRMS (see fig. 
1) with a balance to provide independent fuselage load data. A sketch of the 
model is provided in figure 2 and shows the two rotor systems tested. 
Both main rotor systems used for this investigation were mounted to a 
geometrically scaled version of the UH-l helicopter hub. One rotor system was 
geometrically and dynamically scaled to the current UH-l helicopter rotor con-
figuration and is referred to herein as the SRS. These blades were made of a 
fiberglass/kevlar composite having a graphite/epoxy composite structural 
torque box. The aerodynamic contours were formed by means of an external 
fiberglass/epoxy shell with a nomex honeycomb core in the trailing edge. The 
other rotor system had a modified blade planform and was constructed with 
dynamic characteristics as close as possible to the SRS and is herein referred 
to as the ARS. These advanced rotor blades were wider in root chord compared 
to the standard rotor blades with a 3 to 1 taper ratio beginning at the 50-
percent radius. Advanced rotorcraft airfoils (ref. 9) were used with thick-
ness ratios ranging from 12-percent inboard to 8-percent at the tip. 
Construction was similar to that of the standard rotor blades with the excep-
tion of a styrofoam/balsa trailing edge core. A sketch of the two different 
rotor blade designs tested is shown in figure 3 while their dimensional 
characteristics are presented in table 1. 
The rotor had a teetering hub with cyclic and collective pitch on the 
blades controlled by a swash plate driven by remotely controlled actuators. 
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Rotor teetering measurements were made at the teetering axis. The rotor was 
driven by a 67-KW electric motor through a transmission. The entire system 
(rotor, transmission, and motor) was mounted on a six-component strain-gage 
balance within the model to measure rotor forces and moments. Performance 
data from this balance were used to obtain the necessary aerodynamic condi-
tions for this test including lift coefficient and simulated descent angle. 
Wind-Tunnel Facil ity 
The model investigation was conducted in the NASA Langley 4- by 7-Meter 
(V/STOL) Tunnel configured in the optional open-throat configuration. The 
dimensions of the rectangular jet entrance to the test chamber are 4.42 m high 
by 6.63 m wide. The ceiling height in the open-throat configuration was 
approximately 7.50 m above the test chamber floor. The model was supported in 
the wind-tunnel test section by a three-joint sting which allows model pitch 
and yaw control to plus or minus 45° about a fixed point on the model. The 
three-joint sting was mounted on a model support system which allowed height 
control as well as limited additional pitch and yaw control. 
In order to improve the semi-anechoic characteristics of the test 
chamber, acoustic treatment was installed on the test section floor and 
ceiling. This acoustic treatment, which is partially visible in figure 4 and 
indicated in figure 5, consisted of fiberglass-filled aluminum panels and 
open-cell polyurethane foam. The 12.7 cm thick aluminum panels were installed 
on the floor directly under the model for a semi-rigid floor to facilitate 
periodic maintenance and modifications to the model rotor system. The 10.2 cm 
thick foam was installed on the floor directly up-stream of the aluminum 
panels and overhead on the surface of the raised ceiling. An evaluation of 
the effectiveness of this acoustic treatment is reported in reference 10. 
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Instrumentation 
The acoustic transducers used for this investigation were 1.27 cm dia-
meter condenser microphones fitted with standard nose cones. Eight micro-
phones were positioned in the flow around the model. A rear-quarter-view 
photograph of the model installed in the tunnel with acoustical treatment is 
presented in figure 4 and shows the relative locations of six of the micro-
phones. A sketch showing more detail of the relative position of all compo-
nents in the test chamber (microphones, model, ceiling, entrance lip, treat-
ment, etc.) is provided in figure 5. 
Data from four of the eight microphones are presented in this paper. The 
locations of these four microphones relative to the rotor hub with the model 
at a = 0° are presented in table II. Microphone 2, considered to be in the 
near-field, was mounted close to the fuselage under the rotor disk in a loca-
tion shown to be relatively sensitive to BVI blade slap (refs. 11 and 12). 
Microphones 6, 7, and 8, considered to be in the far-field, were mounted up-
stream of the model as far as possible from the rotor, yet still in the free-
field environment of the facility, at about 30° below the rotor tip-path-
plane. The directivity of the BVI blade slap has been shown experimentally 
(ref. 13) and theoretically (ref. 14) to be a maximum in the direction of 
microphones 6, 7, and 8. Signals from each microphone were fed through an 
amplifier attenuator and into a 14-channel frequency-modulated (FM) tape 
recorder operating at 76.2 cm/sec tape speed. Blade azimuth and time-code 
were also recorded. 
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OPERATING PROCEDURES AND DATA REDUCTION 
BVI impulsive noise has been shown to occur at partial-power descending 
flight. It was, therefore, necessary to determine the flight conditions 
(tunnel velocity and simulated descent angle) critical to BVI generation for 
each rotor system. At each tunnel velocity, with rotor operating at 1296 RPM, 
the simulated descent angle (computed from data obtained on the rotor balance 
only) was varied from a climb condition with no observable BVI through maximum 
BVI to a high descent angle where BVI was not observed. The rotor lift co-
efficient (defined as the rotor lift nondimensionalized by the product of 
rotor disk area, hover tip speed squared, and local free-stream density) was 
maintained as close as possible to 0.00315 during the first half of the inves-
tigation. During the latter half of the investigation the rotor lift coeffi-
cient was increased to 0.00365 in order to simulate the recent increases in 
gross weight of U.S. Army UH-l helicopters. 
The procedure used to establish each flight condition was to set a con-
stant tunnel velocity equal to the desired flight speed, thus setting the 
advance ratio (~). This was followed by adjusting the collective and cyclic 
controls to obtain the proper lift coefficient and zero teetering angle. 
While maintaining the desired lift coefficient and zero teetering, the model 
angle of attack was varied to encompass the range of simulated descent angles 
desired. With the rotor system at the desired condition, 30 seconds of infor-
mation from the microphones were recorded on an FM tape recorder. Corres-
ponding model and tunnel information were recorded simultaneously on the tun-
nel computer data acquisition system. Full aerodynamic performance character-
istics corresponding to the acoustic data presented in this paper are listed 
in tables III and IV. Before and after the rotor tests, background noise 
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measurements were made at each speed tested with the blades off and the rotor 
hub turning at 1296 rpm. 
Data Reduction, Correction, and Presentation 
Corrections for jet-boundary and blockage effects were handled on-line to 
insure proper helicopter operating conditions and were computed in greater 
detail off-line for complete aerodynamic performance data reduction. The 
method used to correct the data is described in reference 15. 
Before and after the tests, "pink noise" and "white noise" signals were 
recorded to verify that the complete system (excluding the microphones) had a 
flat frequency response over the range of interest (30 to 8000 Hz). All 
microphones were calibrated with a 124 dB piston phone at 250 Hz before and 
after each series of runs. 
The acoustic data were analyzed for one-third-octave and narrowband sound 
pressure levels (SPL). The analyses used are described in references 16 and 
17. The one-third-octave and narrowband spectra were obtained from a 2-second 
(43 rotor revolutions) digital record of each test condition. Each acoustic 
record was band-pass filtered at 30 to 10000 Hz and digitized at a rate of 
1024 samples per rotor revolution in order to facilitate use of a fast Fourier 
transform technique (ref. 17). For the one-third-octave-band analysis, each 
record was divided into 40 blocks, each block corresponding to 1 rotor revol-
ution (0.046 sec), thus providing 80 degrees of freedom for the confidence 
limits in the spectral estimate of the sound pressure level based upon the chi 
square random variable. Each record was triggered at the instant in time when 
the instrumented blade passed over the tail of the fuselage. The narrowband 
spectra were obtained by discrete Fourier transform of the 40 blocks in each 
record corresponding to 40 rotor revolutions. At the 80 percent confidence 
limits, the sound pressure estimates are accurate to within ±15 percent of the 
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true value at each frequency based on the chi square random variable. The 
resolution in the frequency calculations of this analysis was one-half the 
blade passage frequency or approximately 21.7 Hz. 
In each figure, one-third-octave spectra are presented for each micro-
phone for various descent angles, all at constant tunnel velocities. Back-
ground noise one-third-octave spectra (blades off and hub turning) are pro-
vided for similar tunnel velocities. Sample pressure-time histories and 
narrowband spectra are included for each microphone. Two of each are pre-
sented for each one-third-octave plot--one with light or no discernable blade 
slap and one with the most intense blade slap. These data are presented in 
the following order without analysis: 
Figure 
Tunnel Velocity ~ 50 knots 
A. Standard rotor system, CT = .0032, V~ = 50.2 knots 6 
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6. Narrowband Analysis, Microphone No. 6 • 
· · 
• 
· · · · · · · 
(f) 
7. One-third Octave, Microphone No. 7 
· · · · · · · · · · 
(g) 







9. Narrowband Analysis, Mi crophone No. 7 
· 
• 




10. One-Third Octave, Microphone No. 8 • 










11. Pressure-time Histories, Mi crophone No. 8 (k) 







· · · 
(1 ) 
B. Advanced Rotor System, CT = .0031, V~ = 50.2 knots 7 
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3. Narrowband Analysis, Microphone No. 2 
· · · · 
(c) 
4. One-thi rd Octave, Microphone No. 6 
· · 






• • (d) 
5. Pressure-time Histories, Microphone No. 6 (e) 
6. Narrowband Analysis, Microphone No. 6 
· · · · 
• (f) 
7. One-thi rd Octave, Microphone No. 7 
· · · · · · 
• 
· · · 
(g) 
8. Pressure-time Histories, Microphone No. 7 • 
· · · · · · · 
• (h) 
9. Narrowband Analysis, Mi crophone No. 7 • 
· · 
• 




10. One-third Octave, Microphone No. 8 
· · · · 
• • 
· · · 
• 




11. Pressure-time Histories, Microphone No. 8 








12. Narrowband Analysis, Microphone No. 8 • • • • • • 
· 
• • • • • • (1) 
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C. Standard Rotor System, Cr = .0036, V~ = 49.8 knots 
1. One-third Octave, Microphone No. 2 • • • • • • 2. Pressure-time Histories, Mi crophone No. 2 
· · 3. Narrowband Analysis, Mi crophone No. 2 • • 
· 
• 
4. One-third Octave, Microphone No. 6 • 
· · · · · 5. Pressure-time Histories, Microphone No.6 
· · 6. Narrowband Analysis, Microphone No. 6 • 
· · 
• 
7. One-third Octave, Microphone No. 7 
· · · · · · 8. Pressure-time Histories, Microphone No. 7 • • 
9. Narrowband Analysis, Mi crophone No. 7 • • 
· 
• 
10. One-third Octave, Microphone No. 8 • • 
· · 
• 
· 11. Pressure-time Histories, Microphone No.8 
· 
• 
12. Narrowband Analysis, Microphone No. 8 • 
· · 
• 
D. Advanced Rotor System, Cr = .0036, V~ = 49.9 knots 
1. One-thi rd Octave, Microphone No. 2 • • 
· 
• • • 
2. Pressure-time Histories, Microphone No. 2 
· · 3. Narrowband Analysis, Microphone No. 2 
· 
• • 
· 4. One-third Octave, Microphone No. 6 • 
· · · 
• 
· 5. Pressure-time Histories, Microphone No. 6 • 
· 6. Narrowband Analysis, Microphone No. 6 
· 
• 
· · 7. One-third Octave, Microphone No. 7 
· 
• • • • • 
8. Pressure-time Histories, Microphone No. 7 • • 
9. Narrowband Analysis, Microphone No. 7 • 
· 
• • 
10. One-third Octave, Microphone No. 8 • • • • • • 
11. Pressure-time Histories, Mi crophone No. 8 
· · 12. Narrowband Analysis, Microphone No. 8 • 
· · 
• 
Tunnel Velocity ~ 55 knots 
A. Standard Rotor System, CT = .0032, V~ = 55.3 knots 





· 2. Pressure-time Histories, Mi crophone No. 2 
· 
• 
3. Narrowband Analysis, Microphone No. 2 • 
· 
• 
· 4. One-third Octave, Mi crophone No. 6 • 
· 
• • • • 5. Pressure-time Histories, Microphone No.6 • 
· 6. Narrowband Analysis, Mi crophone No. 6 • 
· 
• • 
7. One-third Octave, Microphone No.7 • • • • • 
· 8. Pressure-time Histories, Mi crophone No. 7 • • 
9. Narrowband Analysis, Microphone No.7 • • • • 
10. One-third Octave, Microphone No. 8 • • 
· · · 
• 
11. Pressure-time Histories, Microphone No.8 • • 






• • • • • • • • • (a) 
· 
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• • • • (1 ) 
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• • • • • • • • • (k) 
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· 
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• (1 ) 
Fi gure 
B. Advanced Rotor System, Cr = .0031, V~ = 55.6 knots 11 
1. One-third Octave, Microphone No. 2 • 
· 
• • • • • • • • • • • 
· 
• (a) 
2. Pressure-time Histories, Microphone No. 2 
· · · · 
(b) 




• • (c) 
4. One-third Octave, Microphone No. 6 • 
· · 
• 
· · · · · · · 
(d) 
5. Pressure-time Histories, Microphone No.6 • • • • • • • • • • • (e) 
6. Narrowband Analysis, Mi crophone No. 6 
· · 
• • 
· · · · · · 
• (f) 
7. One-third Octave, Microphone No. 7 • • 
· · · 






• • (g) 
8. Pressure-time Histories, Microphone No. 7 • • 
· 
• • • • • 
· · 
• (h) 




• • (i ) 
10. One-third Octave, Mi crophone No. 8 • 
· · 
• • • • • • • • • • 
· 
• (j) 
11. Pressure-time Histories, Microphone No.8 
· 
• • • • • • • • • • (k) 






• • • • 
· · 
(l ) 
C. Standard Rotor System, Cr = .0036, V~ = 55.6 knots 12 






• • • • • 
· 
• (a) 
2. Pressure-time Histories, Microphone No. 2 • 












• • • • • (c) 










• • (d) 
5. Pressure-time Histories, Microphone No. 6 • • • • • • • • • • • (e) 
6. Narrowband Analysis, Microphone No. 6 
· · · · · · · · · 
(f) 






• • • • • • • 
· · · 
(g) 
8. Pressure-time Histories, Microphone No. 7 






9. Narrowband Analysis, Microphone No. 7 
· · · · 
• 
· · · 
(i ) 













11. Pressure-time Hi stori es , Microphone No. 8 
· · · · · · · · 
(k) 
12. Narrowband Analysis, Microphone No. 8 










D. Advanced Rotor System, CT = .0036, V~ = 55.5 knots 13 
1. One-thi rd Octave, Microphone No. 2 • 
· · · 
• • • • • • • • • (a) 
2. Pressure-time Hi stori es, Microphone No. 2 • 
· · 
• 
· · · 
• 
· 
• • (b) 
3. Narrowband Analysis, Microphone No. 2 • 
· · · · · 
• • • • • (c) 
4. One-thi rd Octave, Microphone No. 6 




5. Pressure-time Histories, Microphone No. 6 • • • • • • • • • • • (e) 
6. Narrowband Analysis, Microphone No. 6 












• • • • • • 
· 
• (9) 
8. Pressure-time Histories, Microphone No. 7 
· · 
• 
· · · 
(h) 








• • • ( i ) 










• • • 
· · 
(j) 
11. pressure-time Histories, Microphone No. 8 (k) 
12. Narrowband Analysis, Microphone No. 8 






Tunnel Velocity ~ 60 knots 
A. Standard Rotor System, CT = .0032, V~ = 60.2 knots 14 
1. One-third Octave, Microphone No.2 •• 
· · · 
• 
· · 
• • • • • • 
· 
(a) 






• • • (b) 
3. Narrowband Analysis, Microphone No. 2 
· 
• • • • • 
· 
• • • • • • (c) 




• • • • • • 
· 
(d) 




• • • • (e) 
6. Narrowband Analysis, Microphone No. 6 • • • • • • • • • • • • • (f) 
. 7. One-third Octave, Microphone No. 7 • 








8. Pressure-time Histories, Microphone No. 7 • • 
· 
• • • • • • • • (h) 






• • • • (i) 
10. One-third Octave, Microphone No. 8 • • • • • • • • • • 
· 
• • • • (j) 
11. Pressure-time Histories, Microphone No. 8 
· · · 
• • • • 
· 
• (k) 







· · · 
(1 ) 
B. Advanced Rotor System, CT = .0031, V~ = 60.3 knots 15 
1. One-thi rd Octave, Microphone No. 2 
· · 
• 
· · · 
• 
· 
• • • • • 
· · 
(a) 






• • • • • (b) 
3. Narrowband Analysis, Microphone No. 2 
· · 
• 
· · · · · · 
(c) 




• • • • • • 
· · · 
(d) 
5. Pressure-time Histories, Microphone No. 6 • • • 
· 
• • • 
· · 
(e) 
6. Narrowband Analysis, Microphone No. 6 
· · · 
• 
· 




• (f) 7. One-third Octave, Microphone No. 7 












• • • • (h) 
9. Narrowband Analysis, Microphone No. 7 
· · · · · 
• • • 
· 
( i ) 








• • • • • • • (j) 
11. Pressure-time Histories, Microphone No. 8 
· 
• • • • • • • • • • (k) 
12. Narrowband Analysis, Microphone No. 8 
· · · 
• 
· 
• • • • • • 
· 
• (l) 
C. Standard Rotor System, CT = .0036, V~ = 59.9 knots 16 
1. One-third Octave, Microphone No.2 ••••••••••••••• (a) 
2. Pressure-time Histories, Microphone No.2 ••••••••••• (b) 
3. Narrowband Analysis, Microphone No.2 •••••••• (c) 
4. One-third Octave, Microphone No.6. • • • • • • • • • • (d) 
5. Pressure-time Histories, Microphone No.6. • • • • • • (e) 
6. Narrowband Analysis, Microphone No.6 ••••••••••••• (f) 
7. One-third Octave, Microphone No.7 ••••••••••••••• (g) 
8. Pressure-time Histories, Microphone No.7 ••••••••••• (h) 
9. Narrowband Analysis, Microphone No.7. • • • • • ••••• (i) 
10. One-third Octave, Microphone No.8 ••••••••••••••• (j) 
11. Pressure-time Histories, Microphone No.8 ••••••• (k) 
12. Narrowband Analysis, Microphone No.8. • • • • • • • (1) 
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Figure 
D. Advanced Rotor System, CT, = .0036, V~ = 60.8 knots 17 
1. One-thi rd Octave, Microphone No. 2 
· · · · · · 
• 
· · · · · · 
(a) 
2. Pressure-time Histories, Microphone No. 2 • 




3. Narrowband Analysis, Microphone No. 2 • • 
· · · 
• • • (c) 
4. One-third Octave, Microphone No. 6 
· · · · · · · · · · · · · 
(d) 







6. Narrowband Analysis, Microphone No. 6 
· · · 
• • • • • • • • 
(f) 




• • • • 
· · 
• • • • 
· 
(g) 
8. Pressure-time Histories, Microphone No. 7 
· · · · · · · · · · · 
(h) 
9. Narrowband Analysis, Microphone No. 7 
· 
• 
· · · 
• • • 
· · · · 
• (i ) 
10. One-thi rd Octave, Microphone No. 8 
· · 






• • • 
· · 
(j) 




• • • (k) 
12. Narrowband Analysis, Microphone No. 8 




Tunnel Velocity ~ 65 knots 
A. Standard Rotor System, CT = .0032, V~ = 65.2 knots 18 
1. One-third Octave, Microphone No.2 ••••••••••••••• (a) 
2. Pressure-time Histories, Microphone No.2 ••••••••• (b) 
3. Narrowband Analysis, Microphone No.2 ••••••••••••• (c) 
4. One-thi rd Octave, Mi crophone No.6. • • • • • •••• (d) 
5. Pressure-time Histories, Microphone No.6 •••••••• (e) 
6. Narrowband Analysis, Microphone No.6. • • • • • • • • • • (f) 
7. One-third Octave, Microphone No.7. • • • • • • •••••• (g) 
8. Pressure-time Histories, Microphone No.7 ••••••••••• (h) 
9. Narrowband Analysis, Microphone No.7. • • • • • • • • (i) 
10. One-third Octave, Microphone No.8 ••••••••••••••• (j) 
11. Pressure-time Histories, Microphone No.8 •• (k) 
12. Narrowband Analysis, Microphone No.8. • • • ••••••• (1) 
B. Advanced Rotor System, CT = .0031, V~ = 65.4 knots 19 
1. One-third Octave, Microphone No.2. • • • • • • • • • • (a) 
2. Pressure-time Histories, Microphone No.2 ••••••••••• (b) 
3. Narrowband Analysis, Microphone No.2. • • • • • • • • • • (c) 
4. One-third Octave, Microphone No.6 ••••••••••••••• (d) 
5. Pressure-time Histories, Microphone No.6 (e) 
6. Narrowband Analysis, Microphone No.6. • • •••••••• (f) 
7. One-third Octave, Microphone No.7 ••••••••••••••• (g) 
8. Pressure-time Histories, Microphone No.7 ••• (h) 
9. Narrowband Analysis, Microphone No.7. • • • • • • • • (i) 
10. One-thi rd Octave, Mi crophone No.8. • • • • •••••••• (j) 
11. Pressure-time Histories, Microphone No.8 •••••••• (k) 
12. Narrowband Analysis, Microphone No.8. • • • • • • • (1) 
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c. Standard Rotor System, CT = .0036, V= = 65.0 knots 
1. One-third Octave, Microphone No. 2 • 
· 
• • • • 
2. Pressure-time Histories, Microphone No. 2 
3. Narrowband Analysis, Microphone No. 2 • • • • 
4. One-third Octave, Microphone No. 6 
· 
• • • 
· 
• 
5. Pressure-time Histories, Microphone No. 6 • • 
6. Narrowband Analysis, Microphone No. 6 
· 
• • 
· 7. One-third Octave, Microphone No. 7 • • • • • 
· 8. Pressure-time Histories, Microphone No. 7 • • 
9. Narrowband Analysis, Microphone No. 7 
· 
• • • 
10. One-third Octave, Microphone No. 8 • 
· 
• • • • 
11. Pressure-time Histories, Microphone No. 8 • • 
12. Narrowband Analysis, Microphone No. 8 • • • • 
D. Advanced Rotor System, CT = .0036, V= = 65.2 knots 




• • • 
2. Pressure-time Histories, Microphone No. 2 
3. Narrowband Analysis, Microphone No. 2 • • • • 
4. One-thi rd Octave, Microphone No. 6 
· · 
• 
· · · 5. Pressure-time Histories, Microphone No. 6 • 
· 6. Narrowband Analysis, Microphone No. 6 
· 
• • • 
7. One-thi rd Octave, Microphone No. 7 
· · · · · · 8. Pressure-time Histories, Microphone No. 7 • • 
9. Narrowband Analysis, Microphone No. 7 • 
· · 
• 
10. One-thi rd Octave, Microphone No. 8 • • 
· 
• • • 
11. Pressure-time Histories, Microphone No. 8 
· 
• 
12. Narrowband Analysis, Microphone No. 8 
· · · · 
Tunnel Velocity ~ 70 knots 
A. Standard Rotor System, CT = .0032, V~ = 70.2 knots 
1. One-third Octave, Microphone No. 2 
· · · · 
• • 
2. Pressure-time Histories, Microphone No. 2 • ;, 
3. Narrowband Analysis, Microphone No. 2 • 
· 
• • 
4. One-thi rd Octave, Microphone No. 6 
· · 
• • • • 
5. Pressure-time Histories, Microphone No. 6 
6. Narrowband Analysis, Microphone No. 6 
· · · 7. One-thi rd Octave, Microphone No. 7 
· 
• • • • 
· 8. Pressure-time Histories, Microphone No. 7 • • 
9. Narrowband Analysis, Microphone No. 7 • 
· 
• • 
10. One-third Octave, Microphone No. 8 
· · · · 
• • 
11. Pressure-time Hi stori es, Microphone No. 8 • • 




• • • • • • • • • (a) 
























• • • • (9) 
• • • • • • • • • (h) 
• 
· 
• • • 
· 
• • • (i ) 
• • • • • • • • • (j) 
• • • • • • .. • • (k) 
• • • • • • • • • (1 ) 
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• • • • • • .. • • (d) 
· · · · 
• • .. .. • (e) 
· · · 
• • • • • • (f) 
· · 
• 
· · · · · · 
(9) 
• • • .. • • • • • (h) 
• • • • • 
· 
• • • (i ) 
• • • .. • • .. • • (j) 















• • • • .. • (a) 
• 
· · · 
• • 
· 
• • (b) 
• • • • • • • • • (c) 
• 
· 
• .. • • • • • (d) 
• • • • • • • • (e) 
· · 

















• • • 
· 
• • • • • (i) 
• • • • • • • • 
· 
(j) 








B. Advanced Rotor System, CT = .0031, V~ = 70.3 knots 23 




• • • • • • • 
· 
• (a) 
2. Pressure-time Histories, Microphone No. 2 • • 
· 
• • • • • • 
· 
• (b) 













• • • • • • • • • 
· 
(d) 




• • • • 
· 
• (e) 




• • • • • • • (f) 
7. One-third Octave, Microphone No. 7 






· · · · · · 
(g) 
8. Pressure-time Histories, Microphone No. 7 • • • • • • • • • • • (h) 








• • • (i ) 






• • • • • • (j) 






• • • (k) 






• • • • 
· 
• (l ) 
C. Standard Rotor System, CT = .0036, V~ = 70.4 knots 24 




• • • • • • • 
· 
(a) 




• • • • • (b) 



















• • • (d) 
5. Pressure-time Histories, Microphone No.6 
· · · · 
• 








• • • 
· 
• (f) 
7. One-third Octave, Microphone No. 7 • 
· · 
• 
· · · · · · · · · · · 
(9) 
8. Pressure-time Histories, Microphone No. 7 
· · · · · · · · 
(h) 
9. Narrowband Analysis, Microphone No. 7 
· · · · · · · · · · · 
(i ) 
D. Advanced Rotor System, CT = .0036, V~ = 70.6 knots 25 
1. One-thi rd Octave, Microphone No. 2 
















• • • 
· · 
(b) 








• • (c) 
4. One-thi rd Octave, Microphone No. 6 • 














• • • (f) 
7. One-third Octave, Microphone No. 7 
· · · 
• 
· · · 
• 
· 
• • • 
· 




• • • 
· 
• • (h) 
9. Narrowband Analysis, Microphone No. 7 
· · · 
• 
· · · · · 
• • • • 
(; ) 
10. One-thi rd Octave, Microphone No. 8 






11. Pressure-time Histories, Microphone No.8 
· 







12. Narrowband Analysis, Microphone No. 8 
· · · · · · 
• 






Tunnel Velocity ~ 75 knots 
A. Standard Rotor System, CT = .0032, V~ = 75.0 knots 26 
1. One-thi rd Octave, Microphone No. 2 • • • • • 
· 
• • • • 
· 
• • • 
· 
(a) 
2. Pressure-time Histories, Microphone No. 2 
· 
• 
· · · · 
(b) 











4. One-thi rd Octave, Microphone No. 6 
· · 
• • • • 
· 
• • 











· · · 
(e) 
6. Narrowband Analysis, Microphone No. 6 
· · 
• • 
· · · 
(f) 
7. One-third Octave, Microphone No. 7 




· · · · 
• 
· 
• • (9) 
8. Pressure-time Histories, Microphone No. 7 









· · · · · · · · · 
(i ) 









11. Pressure-time Histories, Microphone No. 8 




12. Narrowband Analysis, Microphone No. 8 





• • • (1 ) 
B. Standard Rotor System, CT = .0036, V~ = 74.8 knots 27 
1. One-third Octave, Microphone No.2 ••••••••••••••• (a) 
2. Pressure-time Histories, Microphone No.2. • • • • • (b) 
3. Narrowband Analysis, Microphone No.2. • • ••• (c) 
4. One-third Octave, Microphone No.6 ••••••••••••••• (d) 
5. Pressure-time Histories, Microphone No.6. • • • • • • (e) 
6. Narrowband Analysis, Microphone No.6. • • •••••••• (f) 
7. One-third Octave, Microphone No.7 ••••••••••••••• (9) 
8. Pressure-time Histories, Microphone No.7 ••••••••••• (h) 
9. Narrowband Analysis, Microphone No.7 ••••••••••••• (i) 
10. One-third Octave, Microphone No.8 ••••••••••••••• (j) 
11. Pressure-time Histories, Microphone No.8 ••••••••••• (k) 
12. Narrowband Analysis, Microphone No.8. • • • ••••• (l) 
C. Advanced Rotor System, CT = .0036, V~ = 75.0 knots 28 
1. One-third Octave, Microphone No.2. • • • • • • • •••• (a) 
2. Pressure-time Histories, Microphone No.2 ••• (b) 
3. Narrowband Analysis, Microphone No.2 ••••••••••• (c) 
4. One-third Octave, Microphone No.6. • • • • • • • • • • • • (d) 
5. Pressure-time Histories, Microphone No.6. • • • • • • • (e) 
6. Narrowband Analysis, Microphone No.6. • • • ••••••• (f) 
7. One-third Octave, Microphone No.7. • • • • ••••• (9) 
8. Pressure-time Histories, Microphone No.7 ••••••••••• (h) 
9. Narrowband Analysis, Microphone No.7. • • •••••• (i) 
10. One-third Octave, Microphone No.8 ••••••••••••••• (j) 
11. Pressure-time Histories, Microphone No.8. • • • • (k) 
12. Narrowband Analysis, Microphone No.8. • • • • • • • ••• (1) 
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Tunnel Velocity ~ 80 knots 
A. Standard Rotor System, CT = .0032, V~ = 80.2 knots 
1. One-third Octave, Microphone No. 2 • • 
· 
• • • 
2. Pressure-time Histories, Mi c rophone No. 2 
3. Narrowband Analysis, Microphone No. 2 
· · · · 4. One-third Octave, Microphone No. 6 • 
· · · 
• • 
5. Pressure-time Histories, Microphone No.6 • 
· 6. Narrowband Analysis, Microphone No. 6 • • • • 
7. One-third Octave, Microphone No.7 
· · · · · 8. Pressure-time Histories, Microphone No. 7 • • 
9. Narrowband Analysis, Microphone No. 7 
· 
• 
10. One-third Octave, Microphone No. 8 • 
· · · 11. Pressure-time Histories, Microphone No.8 





B. Advanced Rotor System, CT = .0031, V~ = 80.4 knots 





2. Pressure-time Histories, Microphone No. 2 
· · 3. Narrowband Analysis, Microphone No. 2 
· · 
• • 
4. One-third Octave, Microphone No. 6 • 
· · · · 
• 
5. Pressure-time Histories, Microphone No.6 • 
· 6. Narrowband Analysis, Microphone No. 6 • 
· · 
• 
7. One-third Octave, Microphone No. 7 
· · · · · · 8. Pressure-time Histories, Microphone No. 7 
· · 9. Narrowband Analysis, Microphone No. 7 • 





11. Pressure-time Histories, Microphone No.8 




C. Advanced Rotor System, CT = .0036, V~ = 80.3 knots 
1. One-third Octave, Microphone No. 2 




2. Narrowband Analysis, Microphone No. 2 • 
· · 
• 
3. One-third Octave, Microphone No. 6 
· · · · · 
.. 
4. Narrowband Analysis, Microphone No. 6 • • 





· · 6. Narrowband Analysis, Microphone No. 7 • • 
· · 7. One-third Octave, Microphone No. 8 
· · · · 8. Narrowband Analysis, Microphone No. 8 


















· · · 
• 
· 
• • (d) 
· · 
• • • • 
· 
(e) 
• • • • • • • • 
· 
(f) 
· · · · · 
(g) 





















• (l ) 
30 
· · 
• • • • 




























· · · 

















· · · · 
• 
· 
• (i ) 





















































· · · 
(f) 
· · · · · · 
• (g) 
· · · · · · 
• (h) 
Tunnel Velocity ~ 90 knots 
A. Standard Rotor System, CT = .0032, ~ = 90.1 knots 







2. Pressure-time Histories, Microphone No. 2 
3. Narrowband Analysis, Microphone No. 2 • 
· · 
• 
4. One-third Octave, Microphone No. 6 
· · · · · 
• 
5. Pressure-time Histories, Microphone No. 6 
· 
• 
6. Narrowband Analysis, Microphone No. 6 





8. Pressure-time Histories, Microphone No. 7 
9. Narrowband Analysis, Microphone No. 7 • • 
10. One-third Octave, Microphone No. 8 • 
· · · · 
• 
11. Pressure-time Hi stori es , Microphone No. 8 
· 
• 




B. Advanced Rotor System, CT = .0031, V~ = 90.4 knots 





2. Pressure-time Histories, Microphone No. 2 
· · 3. Narrowband Analysis, Microphone No. 2 
· 
• • • 
4. One-thi rd Octave, Microphone No. 6 
· · · · · · 5. Pressure-time Histories, Microphone No. 6 
· · 6. Narrowband Analysis, Microphone No. 6 
· · · · 7. One-third Octave, Microphone No. 7 
· · · · · 8. Pressure-t ime Histories, Microphone No. 7 
· · 9. Narrowband Analysis, Microphone No. 7 
· · · · 10. One-thi rd Octave, Microphone No. 8 • • • 
· 
• • 
11. Pressure-time Hi stori es, Microphone No. 8 
12. Narrowband Analysis, Microphone No. 8 
· · · 
C. Standard Rotor System, CT = .0036, V~ = 90.3 knots 
1. One-thi rd Octave, Microphone No. 2 
· · 
• 
· · 2. Pressure-time Histories, Microphone No. 2 
· · 3. Narrowband Analysis, Microphone No. 2 
· · · · 4. One-third Octave, Microphone No. 6 
· · · 
• 
· · 5. Pressure-time Hi stori es , Microphone No. 6 
· · 6. Narrowband Analysis, Microphone No. 6 
· · · 7. One-thi rd Octave, Microphone No. 7 
· · · · · · 8. Pressure-time Histories, Microphone No. 7 
· 
• 





10. One-thi rd Octave, Microphone No. 8 • 
· · · · 
• 
11. Pressure-time Histories, Microphone No. 8 
· · 12. Narrowband Analysis, Microphone No. 8 












· · · · · · · 
(b) 









· · · · · 
(d) 
· 






• • • • • • • (f) 
• • 
· · 












· · · 
• 
· 
• (i ) 
· · 
• 




· · · 
• (k) 













· · · · · 
• (b) 
• • • • • • • 
· 
• (c) 
· · · · · · 
(d) 















· · · · · · · · 
(h) 
· · · · · 



































































• ( i ) 
• • • 













D. Advanced Rotor System, CT = .0036, V~ = 90.3 knots 35 
1. One-third Octave, Microphone No.2 • • • • • • • • • • • • • • • (a) 




• • • 
· 
(b) 
3. One-third Octave, Microphone No.6 • • • • • • • • • • 
· 
• • • 
· 
(c) 
4. Narrowband Analysis, Microphone No. 6 
· · 
• 






5. One-third Octave, Microphone No. 7 
· · 





6. Narrowband Analysis, Microphone No. 7 
· · 
• 




7. One-third Octave, Microphone No.8. • • • • • • • • • • • • • • (g) 
8. Narrowband Analysis, Microphone No. 8 • 
· · · · · 
(h) 
Background noise data indicate that the helicopter noise measured on 
microphones 2, 6, and 7 are well above background levels for most tunnel velo-
cities tested. The exceptions are at the higher tunnel velocities for the 
higher frequencies only, where the background noise does contaminate the 
measured helicopter noise. Also, microphone 2 background noise contains a 
pure tone at about 1000 Hz while microphone 6 background noise contains a pure 
tone at about 5000 Hz. The helicopter noise measured at microphone 8 is 
heavily contaminated with background noise at all tunnel velocities for the 
higher frequencies and for all frequencies at the higher tunnel velocities. 
The reader should be careful in interpreting the generated helicopter noise 
for these cases and consider the effect of the background noise levels. 
19 
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Table I. Rotor Characteristics 
Number of Blades ••••••••••••••• 2 
Ai rfoil Section 
Standard Bl ade •••••••••• NACA 0012 
Advanced Blade. RC12(B)3, RCI0(B)3, RC08(B)3 
Radius, m •••••••••••••••• 1.829 
Bl ade Chord 
Standard Blade, m •••••••••• 0.1334 
Advanced Blade. • • • • • • • • •• Variable 
Twist 
Standard Blade, deg. 
Advanced Blade, deg •• 
Planform Solidity 
Standard Bl ade 
Advanced Bl ade 
. . . . . . . . 
. . . . . . 
Root Cutout, m ••• 
. . . . -10.9 
-14.0 
• 0.04642 
• • • 0.04863 
• 0.1554 
Table II. Microphone Locations Relative 
To Rotor Hub With Model at an Angle 
of Attack of 0° 
Microphone 
Locat ion x, m y, m z, m 
2 -0.475 0.675 -0.760 
6 -3.429 1.156 · -1.727 
7 -3.429 -0.051 -1.724 
8 -3.429 -1. 334 -1. 727 
22 
TAIl.E II I - STANOl\RD ROTOR O~TING COOITI()jS 
~n Point V , 
"" 
a, J.l a1s' biS' AI' Bl , Sc' aWp' CQ CT y, 
knots deg deg deg deg deg deg deg deg 
154 2015 50.9 0.42 0.11 -0.37 -1.45 -3.11 2.16 6.02 -4.84 .00014 .0032 -4.07 
154 2016 49.7 1.43 0.10 -0.43 -1.43 -3.11 2.16 5.83 -3.90 .00013 .0032 -3.17 
154 2017 49.9 2.48 0.10 -0.45 -1.40 -3.11 2.16 5.65 -2.87 .1m12 .0032 -2.17 
154 2018 49.7 3.39 0.10 -0.43 -1.46 -3.19 2.05 5.44 -1.93 .00011 .0031 -1.20 
154 2019 49.6 4.36 0.10 -0.44 -1.44 -3.24 2.06 5.31 -0.97 .1m11 .0031 -0.29 
. 154 2022 50.0 7.40 0.10 -0.41 -1.51 -3.26 1.81 4.75 2.10 .000J9 .0031 2.78 
154 2024 50.2 9.36 0.10 -0.43 -1.45 -3.19 1.70 4.41 4.04 .(XX)()8 .0032 4.70 
154 2027 50.5 11.28 0.10 -0.40 -1.45 -3.10 1.50 4.03 6.00 .00007 .0032 6.72 
155 2028 55.1 11.27 0.11 -0.32 -1.35 -2.86 1.52 3.79 6.06 .00006 .0031 6.89 
155 2031 55.3 8.28 0.11 -0.31 -1.35 -2.92 1.71 4.38 3.07 .00008 .0031 3.90 
155 2033 55.3 6.28 0.12 -0.22 -1.38 -2.95 1.76 4.75 1.17 .1m09 .0031 1.99 
155 2035 55.5 4.26 0.12 -0.27 -1.36 -2.93 2.01 5.18 -0.90 .00011 .0031 -0.09 
155 2037 55.4 2.32 0.12 -0.24 -1.37 -2.91 2.04 5.56 -2.81 .00012 .0031 -1.94 
155 2039 55.3 0.43 0.11 -0.27 -1.37 -2.92 2.19 5.90 -4.74 .00013 .0031 -3.87 
158 2055 60.6 0.33 0.13 -0.27 -1.28 -2.72 2.42 6.12 -4.84 .00014 .0032 -3.93 N 158 2056 60.3 1.33 0.12 -0.28 -1.39 -2.91 2.41 5.91 -3.84 .00013 .0032 -2.95 w 
158 2057 60.1 2.38 0.12 -0.27 -1.32 -2.81 2.32 5.60 -2.78 .(xx)12 .0032 -1.88 
158 2059 60.0 4.33 0.12 -0.30 -1.38 -2.91 2.35 5.25 -0.87 .00011 .0032 -0.04 
158 2061 60.1 6.22 0.12 -0.33 -1.37 -2.91 2.17 4.81 0.99 .1m09 .0032 1.83 
158 2065 59.9 10.27 0.12 -0.28 -1.41 -2.90 1.74 4.07 5.11 .00005 .0033 5.90 
159 2066 65.2 0.33 0.13 -0.30 -1.40 -2.89 2.66 6.05 -4.85 .1m13 .0032 -3.88 
159 2067 65.6 1.33 0.14 -0.23 -1.32 -2.74 2.58 5.83 -3.80 .00013 .0032 -2.85 
159 2068 65.5 2.29 0.14 -0.27 -1.42 -2.81 2.47 5.63 -2.86 .1m12 .0032 -1.83 
159 2070 64.8 4.26 0.13 -0.32 -1.32 -2.73 2.34 5.11 -0.95 .00010 .0032 0.00 
159 2072 64.9 6.33 0.13 -0.17 -1.46 -2.83 1.97 4.70 1.28 .(00)9 .0032 2.22 
159 2076 65.0 10.21 0.13 -0.36 -1.36 -2.64 1.80 3.85 4.97 .00006 .0032 5.94 
160 2077 70.5 0.31 0.15 -0.31 -1.38 -2.61 2.67 6.08 -4.87 .1m13 .0032 -3.72 
160 2078 70.3 1.19 0.15 -0.26 -1.41 -2.64 2.56 5.84 -3.94 .00012 .0032 -2.79 
160 2081 70.2 4.22 0.15 -0.29 -1.39 -2.62 2.35 5.11 -0.95 .1m1O .0032 0.21 
160 2003 70.2 6.20 0.15 -0.30 -1.33 -2.54 2.22 4.64 1.02 .0CXX)9 .0032 2.09 
160 2085 70.2 8.14 0.15 -0.31 -1.35 -2.51 1.97 4.19 2.95 .00007 .0032 4.08 
160 2007 69.8 10.09 0.14 -0.33 -1.40 -2.54 1.80 3.78 4.89 .00005 .0032 6.02 
TAIl..E I I I - CONTINJED 
f\Jn R:>int VOG ' a, lJ ai s ' b1S ' Ai' Bl , 9c , a,pP' CQ Cr y, 
knots deg deg deg deg deg deg deg deg 
161 2008 75.4 0.25 0.16 -0.32 -1.34 -2.52 2.94 6.18 -4.96 .00013 .0032 -3.81 
161 2089 74.8 1.18 0.15 -0.30 -1.34 -2.54 2.88 5.93 -4.01 .00013 .0032 -2.92 
162 2098 74.7 4.23 0.15 -0.09 -1.22 -2.36 2.27 5.08 -0.75 .00010 .0032 0.56 
162 2100 75.1 6.06 0.16 -0.08 -1.21 -2.35 2.04 4.53 1.08 .00008 .0032 2.39 
162 2102 75.1 8.16 0.16 -0.13 -1.12 -2.22 1.89 4.02 3.13 .00007 .0032 4.41 
162 2103 75.1 9.06 0.15 0.01 -1.21 -2.32 1.65 3.78 4.18 .00006 .0032 5.49 
163 2104 80.2 9.11 0.17 -0.10 -1.17. -2.23 1.94 3.74 4.11 .00006 .0032 5.51 
163 2106 80.0 7.16 0.17 -0.07 -1.16 -2.25 2.11 4.23 2.19 .00007 .0032 3.56 
163 2108 79.8 5.05 0.17 -0.05 -1.21 -2.28 2.31 4.78 0.11 .00009 .0032 1.52 
163 2109 80.1 4.14 0.17 -0.04 -1.24 -2.35 2.48 5.06 -0.80 .00010 .0032 0.62 
163 2110 80.6 3.15 0.17 -0.02 -1.18 -2.29 2.55 5.31 -1.78 .00011 .0032 -0.33 
163 2112 80.7 1.14 0.17 -0.07 -1.20 -2.26 2.70 5.86 -3.83 .00013 .0032 -2.34 
163 2113 79.9 0.15 0.16 -0.06 -1.16 -2.23 2.80 6.13 -4.82 .00013 .0032 -3.39 
164 2114 90.1 0.23 0.19 -0.11 -1.23 -2.17 3.24 6.35 -4.77 .00014 .0032 -3.07 
164 2115 90.1 1.18 0.19 -0.05 -1.26 -2.25 3.11 6.07 -3.77 .00013 .0032 -2.10 
164 2116 90.1 2.08 0.19 0.02 -1.21 -2.18 2.95 5.74 -2.80 .00012 .0032 -1.14 
N 164 2117 90.3 3.07 0.19 -0.11 -1.18 -2.11 2.93 5.44 -1.93 .00011 .0032 -0.25 
-1==0 
164 2120 90.1 6.03 0.19 -0.01 -1.24 -2.16 2.45 4.50 1.13 .00008 .0032 2.73 
164 2122 89.9 8.00 0.19 -0.04 -1.17 -2.09 2.31 3.90 3.06 .00006 .0032 4.65 
165 2126 50.6 8.28 0.10 0.00 -1.21 -3.02 1.38 4.50 3.39 .00009 .0032 4.00 
165 2127 50.4 7.27 0.10 -0.06 -1.14 -2.96 1.51 4.70 2.31 .00009 .0032 2.93 
165 2130 50.4 4.52 0.10 -0.03 -1.20 -3.11 1.73 5.19 -0.41 .00011 .0032 0.16 
165 2133 50.9 1.39 0.11 -0.01 -1.20 -3.04 1.88 5.71 -3.53 .00013 .0032 -2.90 
179 2247 50.2 0.49 0.10 0.00 -1.10 -2.92 2.08 6.73 -4.43 .00016 .0036 -3.78 
179 2248 50.0 2.46 0.10 -0.04 -1.00 -3.10 2.16 6.37 -2.50 .00015 .0036 -1.91 
179 2249 49.6 4.39 0.10 0.07 -1.19 -3.31 1.87 6.00 -0.44 .00013 .0036 0.17 
179 2250 49.8 6.45 0.10 0.03 -1.25 -3.34 1.76 5.67 1.58 .00012 .0037 2.15 
179 2251 49.5 8.39 0.10 0.00 -1.19 -3.26 1.65 5.26 3.49 .00011 .0036 4.04 
179 2253 49.5 12.43 0.10 -0.02 -1.18 -3.22 1.31 4.54 7.51 .00008 .0037 8.11 
180 2255 55.5 12.25 0.11 -0.01 -1.09 -2.93 1.52 4.24 7.34 .00007 .0036 7.98 
180 2258 55.8 6.34 0.12 -0.03 -1.15 -3.03 2.07 5.47 1.40 .00011 .0036 2.00 
180 2259 55.7 4.33 0.12 -0.04 -1.12 -2.98 2.23 5.86 -0.63 .00013 .0036 -0.02 
180 2260 55.5 2.46 0.12 0.03 -1.10 -2.97 2.34 6.30 -2.43 .00014 .0037 -1.84 
TAfl.E I I I - COrnUDED 
ftln I\:)int VCO ' Q, lJ a1 s ' b1S ' A1, B1, 6c ' awP' Co ~ y, 
knots deg deg deg deg deg deg deg deg 
181 2261 60.4 0.34 0.12 0.03 -1.11 -2.96 2.69 6.70 -4.54 .CXXl16 .0037 -3.93 
181 2262 60.2 2.26 0.12 0.05 -1.15 -2.96 2.51 6.29 -2.60 .00014 .0037 -2.00 
181 2264 59.7 6.42 0.12 0.02 -1.09 -2.87 2.17 5.29 1.53 .CXXl11 .0037 2.16 
181 2267 59.4 12.25 0.12 -0.02 -1.17 -2.88 1.64 4.07 7.34 .00005 .0037 8.03 
182 2272 64.8 0.37 0.13 0.06 0.05 -1.15 2.16 6.50 -4.58 .CXXl15 .0036 -3.22 
182 2273 65.1 2.36 0.14 0.05 -1.18 -2.62 2.38 6.08 -2.50 .00014 .0036 -1.50 
182 2275 65.3 4.27 0.14 -0.03 -1.11 -2.63 2.30 5.61 -0.67 .00012 .0036 0.34 
182 2276 65.1 6.26 0.13 -0.02 -1.16 -2.64 2.10 5.13 1.33 .00010 .0036 2.35 
182 2277 64.9 8.14 0.13 -0.10 -1.19 -2.75 2.01 4.68 3.14 .00009 .0036 4.15 
182 2278 64.8 10.31 0.13 0.00 -1.10 -2.49 1.67 4.17 5.41 .00007 .0036 6.48 
183 2279 70.3 10.38 0.14 0.01 -1.12 -2.39 1.75 3.99 5.50 .00006 .0036 6.71 
183 2280 70.5 8.14 0.15 0.02 -1.20 -2.47 1.97 4.53 3.27 .00000 .0036 4.43 
183 2281 70.1 6.15 0.15 -0.02 -1.20 -2.48 2.17 5.00 1.22 .00010 .0036 2.42 
183 2282 70.2 4.14 0.15 -0.09 -1.19 -2.49 2.41 5.55 -0.86 .00011 .0036 0.35 
183 2283 70.4 2.34 0.15 -0.04 -1.18 -2.40 2.55 6.03 -2.61 .00013 .0036 -1.38 
183 2284 70.6 0.27 0.15 -0.16 -1.20 -2.34 2.76 6.51 -4.79 .00015 .0036 -3.50 
N 184 2285 74.6 0.31 0.15 -0.06 -1.17 -2.22 2.69 6.51 -4.66 .00015 .0036 -3.22 {J"J 
184 2286 75.3 2.17 0.16 -0.05 -1.08 -2.10 2.61 6.08 -2.79 .00013 .0036 -1.36 
184 2288 74.7 6.25 0.15 0.02 -1.05 -2.09 2.01 4.89 1.37 .00009 .0035 2.83 
184 2289 74.4 8.11 0.15 -0.03 -1.09 -2.18 2.02 4.46 3.18 .00007 .0036 4.52 
184 2290 75.1 10.17 0.15 -0.09 -1.15 -2.23 1.91 3.94 5.18 .00006 .0036 6.52 
185 2291 80.4 10.23 0.17 -0.05 -1.14 -2.14 2.07 3.89 5.28 .00005 .0036 6.69 
185 2293 80.5 6.23 0.17 -0.05 -1.21 -2.13 2.24 4.90 1.28 .00009 .0036 2.86 
185 2294 81.2 4.12 0.17 0.00 -1.16 -2.12 2.53 5.50 -0.78 .00011 .0035 0.78 
185 2296 81.1 0.30 0.17 -0.01 -1.17 -2.10 3.08 6.71 -4.62 .00015 .0036 -3.16 
186 2297 90.9 0.37 0.19 0.00 -1.17 -1.96 3.38 6.86 -4.53 .00016 .0036 -2.83 
186 2298 90.2 2.12 0.19 -0.07 -1.12 -1.95 3.24 6.28 -2.86 .00014 .0036 -1.20 
186 2299 90.3 4.15 0.19 -0.15 -1.13 -2.11 3.12 5.53 -0.90 .00011 .0035 0.71 
186 2300 90.0 6.12 0.19 -0.02 -1.21 -2.02 2.72 4.95 1.21 .00009 .0036 2.74 
186 2302 89.9 10.18 0.19 0.03 -1.09 -1.99 2.26 3.72 5.31 .00005 .0036 6.95 
TABlE IV - PDVAfCED ROTOR OFffiATING CO'VITIONS 
Run Point Voo ' a, J.I a1s' biS ' AI' B1, Sc' a Wp' CQ y, 
knots deg deg deg deg deg deg deg deg 
193 2425 49.6 0.45 0.10 -0.13 -1.24 -3.33 2.14 7.86 -4.58 .ron1 .0031 -4.14 
193 2427 50.2 2.49 0.10 -0.16 -1.28 -3.39 2.09 7.48 -2.57 .00010 .0031 -2.31 
193 2428 50.3 3.48 0.10 -0.24 -1.26 -3.39 2.09 7.29 -1.66 .()(xx)9 .0031 -1.36 
193 2433 49.9 8.35 0.10 -0.21 -1.27 -3.49 1.78 6.41 3.25 .00007 .0031 3.48 
193 2434 50.7 9.25 0.10 -0.07 -1.25 -3.45 1.56 6.22 4.28 .00006 .0031 4.60 
193 2436 50.2 11.23 0.10 -0.06 -1.15 -3.32 1.33 5.86 6.27 .00005 .0031 6.68 
193 2437 50.3 11.99 0.10 -0.07 -1.15 -3.32 1.33 5.74 7.01 .00004 .0031 7.40 
194 2438 60.7 12.18 0.12 -0.13 -1.29 -3.15 1.57 5.36 7.17 .00003 .0031 7.85 
194 2442 60.4 8.21 0.13 -0.11 -1.20 -3.11 1.79 6.16 3.19 .00005 .0031 3.81 
194 2444 60.4 6.06 0.13 -0.06 -1.19 -3.12 1.96 6.60 1.09 .00007 .0031 1.59 
194 2446 60.4 4.32 0.13 -0.15 -1.28 -3.20 2.27 7.05 -0.72 .00008 .0031 -0.33 
194 2448 60.2 2.20 0.12 0.02 -1.29 -3.20 2.27 7.52 -2.68 .00010 .0031 -2.38 
194 2449 60.0 1.36 0.12 -0.02 -1.30 -3.20 2.27 7.64 -3.55 .00010 .0031 -3.18 
194 2450 60.3 0.29 0.12 0.00 -1.25 -3.10 2.41 7.91 -4.61 .00011 .0031 -4.35 
195 2451 70.3 0.26 0.15 -0.05 -1.24 -2.88 2.73 7.99 -4.70 .00011 .0031 -4.17 
N 195 2452 70.2 1.27 0.14 -0.13 -1.24 -2.88 2.73 7.76 -3.76 .00010 .0031 -3.20 0'\ 
195 2455 70.5 4.20 0.15 -0.17 -1.31 -3.00 2.55 7.08 -0.87 .00008 .0031 -0.32 
195 2456 70.0 5.24 0.14 -0.28 -1.30 -3.01 2.55 6.84 0.07 .00007 .0031 0.57 
195 2458 70.5 7.16 0.15 -0.29 -1.24 -2.85 2.25 6.27 1.96 .00006 .0030 2.56 
195 2461 70.3 10.14 0.14 -0.13 -1.22 -2.83 1.81 5.54 5.10 .00003 .0031 5.66 
196 2462 80.1 10.17 0.17 -0.24 -1.26 -2.67 2.20 5.47 5.04 .()(xx)3 .0031 5.75 
196 2464 80.4 8.04 0.17 -0.09 -1.23 -2.67 2.20 5.96 3.05 .00004 .0031 3.66 
196 2467 80.7 5.15 0.17 -0.12 -1.16 -2.64 2.61 6.82 0.13 .00007 .0031 0.54 
196 2468 80.5 4.11 0.17 -0.02 -1.16 -2.64 2.62 7.10 -0.82 .ocxm .0031 -0.48 
196 2471 80.4 1.27 0.17 0.10 -1.27 -2.79 2.79 7.90 -3.53 .00010 .0031 -3.32 
196 2472 80.5 0.27 0.17 -0.03 -1.20 -2.64 3.02 8.20 -4.67 .00011 .0031 -4.50 
197 2473 90.4 0.23 0.19 -0.09 -1.20 -2.51 3.41 8.44 -4.76 .00011 .0031 -4.39 
197 2474 90.4 -0.84 0.19 0.10 -1.14 -2.52 3.41 8.78 -5.66 .00012 .0032 -5.40 
197 2475 90.3 1.10 0.19 -0.03 -1.14 -2.45 3.29 8.18 -3.85 .00011 .0031 -3.58 
197 2476 90.4 2.18 0.19 -0.04 -1.19 -2.52 3.15 7.84 -2.77 .0(XX)9 .0031 -2.47 
197 2479 90.1 4.19 0.19 -0.24 -1.24 -2.58 3.07 7.29 -0.95 .00008 .0031 -0.60 
TAIl.E IV - CONTIttJED 
R..m ~int V ... ' a, Jl a1s ' b1S ' AI' Bl , ac' nwp, ~ c;- r, 
knots deg deg deg deg deg deg deg deg 
197 2480 90.5 5.12 0.19 -0.35 -1.26 -2.57 3.06 7.04 -0.13 .00007 .0031 0.24 
197 2481 90.4 6.09 0.19 -0.26 -1.30 -2.59 2.80 6.70 0.94 .00006 .0031 1.38 
197 2483 90.2 8.04 0.19 -0.19 -1.17 -2.41 2.58 6.08 2.94 .00004 .0031 3.41 
197 2484 90.5 9.11 0.19 -0.10 -1.24 -2.46 2.32 5.62 4.11 .00003 .0031 4.59 
199 2557 55.6 0.88 0.12 -0.11 -1.20 -2.94 2.13 7.88 -4.14 .00011 .0031 -2.41 
199 2560 55.6 3.89 0.12 -0.13 -1.23 -3.04 1.98 7.28 -1.14 .00009 .0031 0.23 
199 2562 55.6 5.84 0.12 0.11 -1.11. -2.96 1.53 6.86 1.04 .00008 .0031 2.41 
199 2564 55.6 7.79 0.12 -0.23 -1.26 -3.07 1.69 6.50 2.66 .00007 .0031 3.89 
199 2567 55.8 10.80 0.12 -0.09 -1.22 -2.98 1.30 5.89 5.81 .00005 .0032 6.88 
200 2572 65.9 0.65 0.14 0.14 -1.04 -2.74 2.45 7.96 -4.13 .00011 .0032 -3.64 
200 2574 65.1 2.69 0.13 0.21 -1.07 -2.83 2.13 7.56 -2.02 .00010 .0032 -1.48 
200 2575 65.5 3.69 0.14 0.20 -0.99 -2.73 2.06 7.30 -1.04 .00009 .0031 -0.36 
200 2576 65.3 4.66 0.13 0.08 -0.96 -2.73 2.06 7.10 -0.20 .00008 .0031 0.64 
200 2578 65.0 6.60 0.13 0.21 -1.02 -2.76 1.69 6.57 1.88 .Q(ID7 .0031 2.97 
200 2581 65.6 9.58 0.14 0.02 -1.03 -2.76 1.68 5.96 4.69 .00005 .0032 5.94 
200 2582 65.4 10.54 0.13 0.18 -1.06 -2.77 1.41 5.69 5.81 .0(0)4 .0032 7.21 
N 201 2583 75.6 10.36 0.16 0.13 -0.97 -2.39 1.63 5.40 5.56 .00003 .0031 7.36 ...... 
201 2588 75.4 5.48 0.16 0.29 -0.87 -2.36 2.00 6.75 0.82 .00007 .0032 2.40 
201 2590 75.7 3.49 0.16 0.31 -0.88 -2.35 2.12 7.26 -1.14 .00009 .0032 0.40 
201 2591 75.7 2.49 0.16 0.22 -0.96 -2.42 2.36 7.59 -2.22 .00010 .0032 -0.78 
201 2592 75.2 5.02 0.16 0.03 -1.07 -2.56 2.31 6.94 0.12 .00008 .0031 1.55 
211 2636 49.9 0.67 0.10 -0.33 -1.38 -3.82 2.89 8.70 -4.57 .00014 .0036 -4.57 
211 2638 49.8 4.53 0.10 -0.28 -1.33 -3.85 2.57 7.91 -0.67 .00011 .0036 -0.62 
211 2640 50.1 8.32 0.10 -0.22 -1.26 -3.82 2.27 7.22 3.18 .00009 .0036 3.28 
211 2642 49.6 12.27 0.10 -0.27 -1.43 -3.97 1.94 6.49 7.11 .00006 .0036 7.42 
212 2645 55.8 0.42 0.12 -0.19 -1.23 -3.50 2.96 8.74 -4.70 .00014 .0036 -4.45 
212 2647 55.8 4.40 0.12 -0.30 . -1.29 -3.61 2.79 7.85 -0.81 .00011 .0036 -0.62 
212 2649 55.2 8.27 0.11 -0.17 -1.23 -3.60 2.31 7.01 3.18 .000l3 .0036 3.48 
212 2651 55.0 12.16 0.11 -0.18 -1.32 -3.63 1.97 6.29 7.09 .00005 .0037 7.49 
213 2652 60.5 12.28 0.12 -0.12 -1.27 -3.49 2.15 6.07 7.25 .0()l)4 .0037 7.73 
213 2654 60.8 8.27 0.13 -0.21 -1.25 -3.51 2.58 6.98 3.14 .00007 .0037 3.45 
TAfl.E IV - COf(lUOED 
I\In Point Voo ' a, als ' biS ' AI' B1 , ac ' a,pP' CQ 1, 
knots deg deg deg deg deg deg deg deg 
213 2658 61.1 2.29 0.13 -0.13 -1.14 -3.28 2.92 8.26 -2.77 .00012 .0036 -2.54 
213 2659 60.7 0.44 0.13 0.01 -1.21 -3.32 2.95 8.67 -4.47 .00013 .0036 -4.29 
214 2662 65.2 0.36 0.13 -0.11 -1.22 -3.20 3.27 8.73 -4.67 .00013 .0036 -4.32 
214 2663 65.3 2.22 0.14 -0.23 -1.11 -3.20 3.27 8.38 -2.94 .00012 .0036 -2.70 
214 2666 65.1 6.19 0.13 -0.03 -1.30 -3.38 2.62 7.30 1.24 .oom .0036 0.98 
214 2667 65.1 8.27 0.13 -0.13 -1.20. -3.25 2.54 6.87 3.21 .00007 .0036 2.94 
215 2670 70.1 8.21 0.15 -0.15 -1.14 -3.07 2.70 6.75 3.14 .oem; .0036 2.89 
215 2673 71.0 2.32 0.15 -0.09 -1.24 -3.25 3.25 8.34 -2.69 .00012 .0036 -3.13 
215 2674 70.6 0.23 0.15 -0.06 -1.19 -3.15 3.41 8.85 -4.76 .00014 .0036 -5.22 
216 2677 74.5 0.33 0.15 -0.22 -1.13 -3.00 3.83 8.98 -4.82 .00014 .0036 -4.36 
216 2678 75.0 4.20 0.16 -0.43 -1.24 -3.14 3.63 7.89 -1.15 .00010 .0035 -0.55 
216 2679 74.7 4.22 0.15 -0.14 -1.17 -3.03 3.33 7.86 -0.86 .00010 .0036 -0.02 
216 2681 75.3 6.20 0.16 -0.04 -1.18 -2.97 2.91 7.18 1.23 .00007 .0035 2.10 
216 2682 75.6 8.10 0.16 -0.08 -1.20 -3.02 2.83 6.77 3.09 .tXXlO6 .0036 3.91 
N 217 2619 80.7 2.21 0.17 0.08 -1.09 -2.75 3.32 8.46 -2.65 .00012 .0036 -1.82 
co 217 2620 80.3 4.20 0.17 0.15 -1.01 -2.59 2.81 7.70 -0.60 .00l09 .0036 0.70 
217 2623 79.9 10.11 0.16 0.12 -1.10 -2.80 2.49 6.08 5.30 .00003 .0036 7.04 
217 2624 80.4 -1.76 0.17 -0.02 -1.13 -2.93 4.04 9.65 -6.71 .00016 .0036 -5.35 
218 2628 90.6 0.15 0.19 -0.20 -1.41 -3.16 4.77 9.61 -4.94 .00015 .0037 -4.31 
219 2632 90.6 2.37 0.19 0.03 -1.11 -2.77 4.15 8.77 -2.52 .00012 .0037 -1.82 
219 2633 90.1 4.20 0.19 0.03 -1.10 -2.76 3.85 8.13 -0.68 .00010 .0037 0.14 
219 2634 90.1 6.15 0.19 0.13 -1.07 -2.67 3.48 7.42 1.35 .00007 .0036 2.29 








ELECTRIC MAIN DRIVE MOTOR
Figure 1. - Sketch of UH-l fuselage installation on GRMS.
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Figure 2. - Sketch of UH-l helicopter model tested.
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Fi gure 3. Geometric comparison of the standard and advanced rotor blades. 
Figure 4. - Rear-quarter view of UH-l helicopter model in tunnel with acoustic
treatment and microphones installed.
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Figure 5. - Relative position of components in acoustic test of UH-l helicopter model. 
Floor treatment installed over existing floor






























































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, run 154; microphone 2.
Figure 6. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system. V~ = 50.2 knots, Cr = .0032.
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(b) Pressure-time histories, run 165; microphone 2.
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(c) Narrowband analysis, run 165; microphone 2.






































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, run 154; microphone 6.
Figure 6. - Continued.
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(f) Narrowband analysis, run 165; microphone 6.
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(g) One-third-octave spectra, run 154; microphone 7.



































(h) Pressure-time histories. run 165; microphone 7.
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(i) Narrowband analysis. run 165; microphone 7.
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(j) One-third-octave spectra,run 154; microphone 8.
Figure 6. - Continued.
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(1) Narrowband analysis, run 165; microphone 8.
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(a) One-third-octave spectra, microphone 2.
Figure 7. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system; run 193. V~ = 50.2 knots, CT = .0031.
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(c) Narrowband analysis; microphone 2.
Figure 7. - Continued.
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(d) One-third-octave spectra, microphone 6.
Figure 7. - Continued.
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(e) Pressure-time histories; microphone 6.
105
























(f) Narrowband analysis; microphone 6.
Figure 7. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 7. - Continued.
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(h) Pressure-time histories; mic~ophone 7.
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(i) Narrowband analysis; microphone 7.
Figure 7. - Continued.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 7. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.
Figure 7. - Concluded.
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(a) One-third-octave spectra, microphone 2.
Figure 8. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system. run 179. V~ = 49.8 knots, CT = .0036.
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(c) Narrowband analysis; microphone 2.
Figure 8. - Continued.
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(d) One-third-octave spectra, microphone 6.
Figure 8. - Continued.
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(f) Narrowband analysis; microphone 6.
Figure 8. - Continued.
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(g) One-third-octave spectra, microphone 7.
Figure 8. - Continued.
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(h) Pressure-time histories; microphone 7.
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(i) Narrowband analysis; microphone 7.
Figure 8. - Continued.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 8. - Continued.
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(k) Pressure-time histories; mi crophone 8.
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(1) Narrowband analysis; microphone 8.
Figure 8. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 9. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 211. V~ = 49.9 knots, CT = .0036.
59













0 .02 .04 .06 .08 .10
Time, sec














-10000 .02 .04 .06 .08 .10
Time, sec


















Pt. no. y, deg
2638 -0.62
------ 2636 -4.57
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency, Hz
(c) Narrowband analysis; microphone 2.
Figure 9. - Continued.
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(c) Narrowband analysis; microphone 2.
Figure 9. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 9. - Continued.
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(i) Narrowband analysis; microphone 7.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 9. - Continued.
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(1) Narrowband analysis; microphone 8.
Figure 9. - Concluded.
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(a) One-third-octave spectra, microphone 2.
Figure 10. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 155; Voo = 55.3 knots, CT = .0032.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
Figure 10. - Continued.
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(d) One-third-octave spectra, microphone 6.
Figure 10. - Continued.
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(e) Pressure-time histories; mi crophone 6.
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(f) Narrowband analysis; microphone 6.
Figure 10. - Continued.
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(g) One-third-octave spectra, microphone 7.
Figure 10. - Continued.
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(i) Narrowband analysis; microphone 7.
Figure 10. - Continued.
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(j) One-third-octave spectra, microphone 8.
Figure 10. - Continued.
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(1) Narrowband analysis; microphone 8.
Figure 10. - Concluded.
74
































.01 .02 .05.1 .2 .5 1 2 5 10
One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 11. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 199. V~ = 55.6 knots, CT = .0031.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
Figure 11. - Continued.
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(d) One-third-octave spectra, microphone 6.
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(f) Narrowban~ analysis; microphone 6.
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(g) One-third-octave spectra, microphone 7.
Figure 11. - Continued.
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(h) Pressure-time histories; microphone 7.
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(i) Narrowband analysis; microphone 7.




































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 11. - Continued.
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(1) Narrowband analysis; microphone 8.
Figure 11. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 12. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 180; V~ = 55.6 knots, CT = .0036.
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(c) Narrowband analysis; microphone 2.
Figure 12. - Continued.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.














Pt. no. 2258. Y - 2.000
Time. sec
.10
















a .02 .04 .06 .08 .10
Time. sec
(e) Pressure-time histories; microphone 6.
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(f) Narrowband analysis; microphone 6.
Figure 12. - Continued.
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(g) One-third-octave spectra, microphone 7.
Figure 12. - Continued.
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(i) Narrowband analysis; microphone 7.

































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 12. - Continued.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 13. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 212. Vw = 55.5 knots, CT = .0036.
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(c) Narrowband analysis; microphone 2.
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(d) One-third-octave spectra, microphone 6.
Figure 13. - Continued.
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(g) One-third-octave spectra, microphone 7.
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(i) Narrowband analysis; microphone 7.
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(j) One-third-octave spectra, microphone 8.
Figure 13. - Continued.
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(1) Narrowband analysis; microphone 8.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 14. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 158. V~ = 60.2 knots, CT = .0032.
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(c) Narrowband analysis; microphone 2.
Figure 14. - Continued.
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(d) One-third-octave spectra, microphone 6.
Figure 14. - Continued.
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(fl Narrowband analysis; microphone 6.
Figure 14. - Continued.
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(g) One-third-octave spectra, microphone 7.
Figure 14. - Continued.
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(i) Narrowband analysis; microphone 7.
Figure 14. - Continued.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 14. - Continued.
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(1) Narrowband analysis; microphone 8.
Figure 14. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 15. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 194. V~ = 60.3 knots, Cr = .0031.
106











0 .02 .04 .06 .08 .10
Time, sec











-1000 I I I
0 .02 .04 .06 .08 .10
Time, sec
(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
Figure 15. - Continued.
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(d) One-third-octave spectra, microphone 6.
Figure 15. - Continued.
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(f) Narrowband analysis; microphone 6.




















































One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 15. - Continued.
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(h) Pressure-time histories; microphone 7.
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(i) Narrowband analysis; microphone 7.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 15. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.






































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 16. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 181; V~ = 59.9 knots, CT = .0036.
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(c) Narrowband analysis; microphone 2.






































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 16. - Continued.
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(f) Narrowband analysis; microphone 6.
Figure 16. - Continued.
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(g) One-third-octave spectra, microphone 7.
Figure 16. - Continued.
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(i) Narrowband analysis; microphone 7.
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(I) Narrowband analysis; microphone 8.
Figure 16. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 17. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 213. V~ = 60.8 knots, Cr = .0036.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 17. - Continued.
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(e) Pressure-time histories; microphone 6.
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(f) Narrowband analysis; microphone 6.































(g) One-third-octave spectra, microphone 7.
Figure 17. - Continued.
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(i) Narrowband analysis; microphone 7.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 17. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 18. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 159. VOl> = 65.2 knots, CT = .0032.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.






















































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 18. - Continued.
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(f) Narrowband analysis; microphone 6.
Figure 18. - Continued.
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(9) One-third-octave spectra, microphone 7.
Figure 18. - Continued.
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(i) Narrowband analysis; microphone 7.
Figure 18. - Continued.
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(j) One-third-octave spectra, microphone 8.
Figure 18. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.





































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 19. _ Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system; run 200. V~ = 65.4 knots, CT = .0031.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; 'microphone 2.
Figure 19. - Continued.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 19. - Continued.
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(fl Narrowband analysis; microphone 6.
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(i) Narrowband analysis; microphone 7.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 19. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.
Figure 19. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 20. _ Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 182; Vw = 65.0 knots, CT = .0036.
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(c) Narrowband analysis; microphone 2.
Figure 20. - Continued.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 20. - Continued.
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(f) Narrowband analysis; microphone 6.









































One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 20. - Continued.
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(i) Narrowband analysis; microphone 7.





































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
,-
Figure 20. - Continued.
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(k) Pressure-time histories; microphone 8.

























(1) Narrowband analysis; microphone 8.





































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 21. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 214. V~ = 65.2 knots, CT = .0036.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 21. - Continued.
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(el Pressure-time histories; microphone 6.
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(fl Narrowband analysis; microphone 6.
Figure 21. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 21. - Continued.
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(i) Narrowband analysis; microphone 7.






































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 21. - Continued.
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(1) Narrowband analysis; microphone 8.
Figure 21. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 22. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 160. V~ = 70.2 knots. Cr = .0032.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
Figure 22. - Continued.
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(d) One-third-octave spectra, microphone 6.
Figure 22. - Continued.
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(e) Pressure-time histories; microphone 6.
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Frequency, Hz
. (1) Narrowband analysis, microphone 6.
Figure 22•• Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 22. - Continued.
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(i) Narrowband analysis; microphone 7.
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(1) Narrowband analysis; microphone 8.
Figure 22. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 23. - Effect of descent angle variation on, noise generated by helicopter model
with advanced rotor system, run 195. V~ = 70.3 knots, CT = .0031.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.












































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 23. - Continued.
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(e) Pressure-time histories; microphone 6.




























(fl Narrowband analysis; microphone 6.













































One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 23. - Continued.
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(h) Pressure-time histories; microphone 7.
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(i) Narrowband analysis; microphone 7.
Figure 23. - Continued.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 23. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.
Figure 23. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 24. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 183; V~ = 70.4 knots, Cr = .0036.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 24. - Continued.
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(e) Pressure-time histories; microphone 6.
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(f) Narrowband analysis; microphone 6.
Figure 24. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 24. - Continued.
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(h) Pressure-time histories; microphone 7.
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(i) Narrowband analysis; microphone 7.
Figure 24. - Concluded.
183














/' /\ " ,/ ,...
-...,/ '-, I I~-'\\ I \
\ I ,


























One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 25. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 215. Voo = 70.6 knots, CT = .0036.
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(c) Narrowband analysis; microphone 2.
Figure 25. - Continued.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 25. - Continued.
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(e) Pressure-time histories; microphone 6.
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(fl Narrowband analysis; microphone 6.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 25. - Continued.
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Figure 25. -
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.
Figure 25. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 26. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 162. V~ = 75.0 knots, Cr = .0032.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 26. - Continued.
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Frequency, Hz
(f) Narrowband analysis; microphone 6.
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(g) One-third-octave spectra t microphone 7.
Figure 26 - Continued.
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(h) Pressure-time histories; microphone 7.
Pt. no. y, deg
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.




































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 27. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 184. V~ = 74.8 knots, CT = .0036.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 27. - Continued.
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(f) Narrowband analysis; microphone 6.
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(i) Narrowband analysis; microphone 7.
Figure 27. - Continued. /.1.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 27. - Continued.
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(1) Narrowband analysis; microphone 8.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 28. - Effect of descent angle variation on noise generated by helicopter model'
with advanced rotor system, run 216. V~ = 75.0 knots, CT = .0036.
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(b) Pressure-time histories; microphone 2.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 28. - Continued.
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(e) Pressure-time histories; microphone 6.
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Frequency. Hz
(f) Narrowband analysis; microphone 6.
Figure 28. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 28. - Continued.
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(h) Pressure-time histories; microphone 7.
105



















(1) Narrowband ana1ys1s; m1crophone 7.
Fl gure 28. - Contfnued.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 28. - Continued.
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(1) Narrowband analysis; microphone 8.
Figure 28. - Concluded.
215
130 Pt. no. y, deg
o 2113 -3.39
o 2112 -2.34
<> 211 0 -0.33
6. 2108 1. 52
~ 2106 3.56




















V') /, /'90 --.,/ v"'\
80
70
.01 .02 .05 .1 .2 .5 2 5 10
One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 29. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 163. V~ = 80.2 knots, CT = .0032.
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(c) Narrowband analysis; microphone 2.
Figure 29. - Continued.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 29. - Continued.
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(f) Narrowband analysis; microphone 6.





































One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 29. - Continued.
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(h) Pressure-time histories; microphone 7.
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Frequency. Hz
(i) Narrowband analysis; microphone 7.





































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 29. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.












































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 30. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 196. V~ = 80.4 knots, CT = .0031.
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(c) Narrowband analysis; microphone 2.










































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 30. - Continued.
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Frequency, Hz
(f) Narrowband analysis; microphone 6.
Figure 30. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 30. - Continued.
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(h) Pressure-time histories; microphone 7.
105























(i) Narrowband analysis; microphone 7.




































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 30. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 31. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 217. Vm = 80.3 knots, CT .0036.
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(b) Narrowband analysis; microphone 2.
Figure 31. - Continued.
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One-third-octave-band center frequency. kHz
(c) One-third-octave spectra. microphone 6.
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Frequency, Hz
(d) Narrowband analysis; microphone 6.



































One-third-octave-band center frequency, kHz
(e) One-third-octave spectra; microphone 7.
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(f) Narrowband analysis; microphone 7.





































One-third-octave-band center frequency, kHz
(g) One-third-octave spectra; microphone 8.































(h) Narrowband analysis; microphone 8.
Figure 31. - Concluded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 32. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 164. V~ = 90.1 knots, CT .0032.
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(c) Narrowband analysis; microphone 2.
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One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 32. - Continued.
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(f) Narrowband analysis; microphone 6.
Figure 32. - Continued.
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One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 32. - Continued.
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(i) Narrowband analysis; microphone 7.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 32. - Continued.
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(1) Narrowband analysis; microphone 8.
Ffgure 32. - Cone1uded.
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One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 33. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 197. Vm = 90.4 knots, CT .0031.
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(c) Narrowband analysis; microphone 2.







































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 33. - Continued.
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(e) Pressure-time histories; microphone 6.
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(f) Narrowband analysis; microphone 6.

















































One-third-octave-band center frequency, kHz
(g) One-third-octave spectra, microphone 7.
Figure 33. - Continued.
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(h) Pressure-time histories; microphone 7.
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(i) Narrowband analysis; microphone 7.
~igure 33. - Continued.
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One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 33. - Continued.
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(k) Pressure-time histories; microphone 8.
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(1) Narrowband analysis; microphone 8.


































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 34. - Effect of descent angle variation on noise generated by helicopter model
with standard rotor system, run 186. Vw = 90.3 knots, CT .0036.
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(b) Pressure-time histories; microphone 2.
Pt. no. y, deg
2299 0.71
-- ---- 2297 -2.83
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Frequency, Hz
(c) Narrowband analysis; microphone 2.



































One-third-octave-band center frequency, kHz
(d) One-third-octave spectra, microphone 6.
Figure 34. - Continued.
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(e) Pressure-time histories; microphone 6.
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(f) Narrowband analysis; microphone 6.





































One-third-octave-band center frequency, kHz
(9) One-third-octave spectra, microphone 7.
Figure 34. - Continued.
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(i) Narrowband analysis; microphone 7.





































One-third-octave-band center frequency, kHz
(j) One-third-octave spectra, microphone 8.
Figure 34. - Continued.
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Frequency, Hz
(1) Narrowband analysis; microphone 8.



































One-third-octave-band center frequency, kHz
(a) One-third-octave spectra, microphone 2.
Figure 35. - Effect of descent angle variation on noise generated by helicopter model
with advanced rotor system, run 218 and 219. V~ = 90.3 knots, CT .0036.
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Frequency. Hz
(b) Narrowband analysis; microphone 2.









































Ohe-third-octave-band center frequency, kHz
(c) One-third-octave spectra, microphone 6.
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Frequency, Hz
(d) Narrowband analysis; microphone 6.
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One-third-octave-band center frequency, kHz
(e) One-third-octave spectra; microphone 7.


























a 1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
Frequency, Hz
(f) Narrowband analysis; microphone 7.




Pt. no. y, deg
o 2628 -4.31
[] 2632 -1.82





























One-third-octave-band center frequency, kHz
(g) One-third-octave spectra; microphone 8.


























(h) Narrowband analysis; microphone 8.
Figure 35. - Concluded.
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